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Abstract
Current physics is faced with the fundamental problem of unifying quantum theory and
general relativity, which would have resulted in quantum gravity. The main effort to construct
the latter has been bent on quantizing spacetime structure, in particular metric. Meanwhile,
taking account of the indeterministic aspect of the quantum description of matter, which man-
ifests itself in quantum jumps, essentially affects classical spacetime structure and the Einstein
equation. Quantum jumps give rise to a family of sets of simultaneous events, which implies
the existence of universal cosmological time. In view of the jumps, the requirement for met-
ric and its time derivative to be continuous implies that the Einstein equation should involve
pseudomatter along with matter. Pseudomatter manifests itself only in gravitational effects,
being thereby an absolutely dark “matter”.
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Introduction
Current physics is faced with the fundamental problem of constructing a unified physical the-
ory. The problem boils down to the unification of quantum theory and general relativity, which
would have resulted in quantum theory of gravitation, or quantum gravity. The effort to con-
struct quantum gravity has been bent, for the most part, on quantizing spacetime structure,
in particular metric. Meanwhile, taking account of the indeterministic aspect of the quan-
tum treatment of matter, which manifests itself in quantum jumps, essentially affects classical
spacetime structure and the Einstein equation. The reasoning is as follows.
In the classical description of spacetime and quantum treatment of matter, which is known
as semiclassical gravity, the Einstein equation reads Gµν − Λgµν = 8πκTµν , Tµν = (Ψ, TˆµνΨ),
where G is the Einstein tensor, Λ is the cosmological constant, g is metric, κ is the gravitational
constant, Tˆ is the energy-momentum tensor operator, and Ψ is a state vector. Quantum jumps
of Ψ have as a consequence jumps of Tµν , which implies those of G˜µν ≡ Gµν − Λgµν . The
components Gij (i, j = 1, 2, 3) involve the second time derivatives g¨ij ≡ gij,00 of the metric
components gij [1,2]. Therefore the six equations G˜ij = 8πκTij may remain unchanged: Jumps
of Tik will result in those of g¨ij, which is physically appropriate. A completely different type
of situation occurs in the four equations G˜0µ = 8πκT0µ. The only time derivatives of metric
involved in the components G0µ are g˙ij, which should be continuous, let alone gµν . Therefore
the four equations are violated by jumps of T0µ and must be extended. An apparent approach to
the problem is to write G˜0µ = 8πκ(T0µ+P0µ) where P0µ are to compensate for the jumps of T0µ.
We shall treat the quantities P0µ as the components of the pseudomatter energy-momentum
tensor.
There immediately arises the uniqueness problem: In order that introducing P0µ make
sense, the separations of tensors into (0µ) and (ij) components should be unique. This implies
the existence of a distinguished universal time. It is the quantum jumps that provide the
existence of such a time. A quantum jump gives rise to a set of simultaneous events—jumps
of g¨. These events allow for synchronizing clocks and thereby furnishing universal time. It is
natural to identify cosmological time with quantum-jump universal time. Thus cosmological
time is defined on the level of fundamental physical laws—in contrast to the phenomenological
approach in classical cosmology[3,4].
Universal time gives rise to the product structure of spacetime manifold, M = T ×S where
T is cosmological time and S is cosmological space, and a particular synchronous reference
frame— cosmological reference frame.
There remains the problem of pseudomatter dynamics, i.e., the time dependence of the
quantities P0µ. The latter is determined by the dynamics of the tensor Tµν .
The foregoing results in the indeterministic Einstein equation: Gµν − Λgµν = Sµν , Sµν =
Tµν +Pµν , S stands for source, T relates to matter and P to pseudomatter, respectively; in the
cosmological reference frame Pij = 0.
Pseudomatter manifests itself only in gravitational effects, representing therefore an abso-
lutely dark ”matter”.
The application of the indeterministic Einstein equation to the Robertson-Walker spacetime
results in that the source density is ρs = ρm + ρps where m relates to matter and ps to
pseudomatter, respectively, in accordance with which the parameter Ω = ρ/ρcr equals Ωs =
Ωm + Ωps.
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1 Quantum jumps and violation of the Einstein equation
We adopt the classical description of spacetime and quantum treatment of matter. The Einstein
equation takes the form:
G− Λg = 8πκT (1.1)
T = (Ψ, TˆΨ) (1.2)
where G is the Einstein tensor, g is metric, Λ is the cosmological constant, κ is the gravitational
constant, Tˆ is the energy-momentum tensor operator, and Ψ is a state vector. An essential
aspect of this treatment is quantum indeterminism, which manifests itself in jumps of the state
vector:
Ψbefore jump ≡ Ψ< → Ψ> ≡ Ψafter jump (1.3)
A jump of Ψ results in that of T :
∆T = (Ψ>, TˆΨ>)− (Ψ<, TˆΨ<) (1.4)
under the assumption that Tˆ is continuous. Discontinuity of T causes a violation of the Einstein
equation (1.1). Let us consider the violation in detail. Write down equations (1.1), (1.2), and
(1.4) in components:
Gµν − Λgµν = 8πκTµν , Tµν = (Ψ, TˆµνΨ) (1.5)
∆Tµν = (Ψ
>, TˆµνΨ
>)− (Ψ<, TˆµνΨ<) (1.6)
Let a jump of Ψ occur at x0 = t = tjump. We put
Ψ< = Ψ(tjump), Ψ
> = Ψ(tjump + 0) (1.7)
so that
∆Tµν(tjump, ~x) = Tµν(tjump + 0, ~x)− Tµν(tjump, ~x), ~x = (xi), i = 1, 2, 3 (1.8)
The components Gij (i, j = 1, 2, 3) of the Einstein tensor involve the second time derivatives
g¨ij ≡ gij,00 (1.9)
of the metric tensor components gij [1,2]. This makes it possible to retain the six equations
Gij − Λgij = 8πκTij (1.10)
unchanged. Jumps of the Tij will result in those of the g¨ij, which is quite conceivable from
the physical point of view: A jump of force results in a jump of acceleration. As to the four
equations
G0µ − Λg0µ = 8πκT0µ (1.11)
the situation is completely different. The components G0µ of the Einstein tensor involve no
second time derivatives of metric tensor components; the only time derivatives of metric involved
in G0µ are g˙ij . The latter should be continuous, not to mention gµν . Thus the violation of the
four equations (1.11) is intolerable and they must be extended.
3
2 Introducing pseudomatter
An apparent approach to the improvement of equations (1.11) is to write
G0µ − Λg0µ = 8πκ(T0µ + P0µ), µ = 0, 1, 2, 3 (2.1)
in which the terms P0µ are to compensate for the jumps of T0µ. Dynamical equations are (1.10),
whereas (1.11) play the role of integrals of motion, so that introducing the terms P0µ into (2.1)
is quite justified. We treat the quantities P0µ as the components of the energy-momentum
tensor relating to pseudomatter.
3 The problem of uniqueness of pseudomatter
There immediately arises the uniqueness problem. In order that the above procedure of in-
troducing the terms P0µ make sense, the separation of the tensors in question into (0µ) and
(ij) parts needs to be unique. This, in its turn, implies the existence of a distinguished x0
coordinate, or a universal time. Cosmological time, i.e., universal time of the standard model
of cosmology cannot be taken for this purpose, for it is introduced phenomenologically rather
than on the basis of fundamental physical laws [3,4].
4 Quantum-jump universal time
It is quantum jumps that appear again, this time to provide a universal time. A quantum jump
of the state vector gives rise to a set of events—jumps of g¨. These events are, by definition,
simultaneous, which allows for synchronizing clocks and thereby furnishing the universal time.
It is natural to identify phenomenological cosmological time with the quantum-jump universal
time. Now cosmological time is defined on the level of fundamental physical laws.
In special relativity the concept of simultaneity in connection with quantum jumps makes no
operationalistic sense. Taking gravity into account endows the concept with an operationalistic
content.
5 Spacetime structure
Universal time gives rise to a family of sets of simultaneous events, thereby endowing spacetime
with a fiber structure. The metric compatible with this structure, i.e., admitting synchroniza-
tion of clocks, is of the form [2]
ds2 = g00(dx
0)2 + gijdx
idxj (5.1)
or, with
dt = g00dx
0, t = t(x0, ~x) =
∫
g00(x
0, ~x)dx0 (5.2)
ds2 = dt2 + gijdx
idxj , gij = gij(t, ~x) (5.3)
4
which relates to a synchronous reference frame. The latter, in its turn, implies the product
spacetime manifold:
M = M4 = T × S, M ∋ p = (t, s), t ∈ T, −∞ ≤ a ≤ t ≤ b ≤ ∞, s ∈ S (5.4)
The one-dimensional manifold T is universal cosmological time, the three-dimensional manifold
S is cosmological space. By (5.4), the tangent space Mp at a point p ∈M is
Mp = Tt ⊕ Ss, p = (t, s) (5.5)
and, in view of (5.3),
Tt ⊥ Ss (5.6)
Thus, quantum jumps give rise to the product spacetime (5.4) and a particular synchronous
reference frame
p = (t, s)↔ (t, ~x) (5.7)
The latter may be called cosmological reference frame and considered as a canonical synchronous
reference frame.
In the coordinate-free representation, the metric (5.3) reads
g = dt⊗ dt− ht, ht ↔ −gij(t, ~x)dxidxj (5.8)
in which ht is a Riemannian metric tensor on S depending on t.
6 Pseudomatter dynamics
In order for equations (2.1) not to be merely a definition of the quantities P0µ:
P0µ ≡ 1
8πκ
(G0µ − Λg0µ)− T0µ (6.1)
pseudomatter dynamics, i.e., time evolution of these quantities should be determined indepen-
dently of the dynamics for the right-hand side of (6.1).
We have
Gµν − Λgµν = 8πκSµν , Sµν = Sνµ (6.2)
where S stands for source (and has nothing to do with the S in (5.4)). In the canonical
synchronous reference frame, which will be used henceforth,
Sij = Tij, S0µ = T0µ + P0µ, Pij = 0 (6.3)
and
g0i = 0, g00 = 1 (6.4)
From (6.2) follows
Sµ
ν
;ν = 0 (6.5)
For any symmetric tensor Y µν = Y νµ
Yµ
ν
;ν
√−g = (Yµν
√−g),ν − (1/2)gαβ,µY αβ
√−g, g = det(gµν) (6.6)
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holds [5]. We find from (6.5), (6.6), (6.4), and (5.3)
(Sµ
0
√−g),0 = (1/2)gkl,µT kl
√−g − (Sµj
√−g),j (6.7)
whence
Sµ
0
√−g =
∫ t
t0
dt′{(1/2)gkl,µT kl
√−g − (Sµj
√−g),j}+ fµ(~x) (6.8)
Thus
S0µ(t, ~x) =
1√
−g(t, ~x)[Fµ(t, ~x) + fµ(~x)] (6.9)
or, for brevity,
S0µ =
1√−g [Fµ + fµ] (6.10)
where
Fµ =
∫ t
t0
dt′{(1/2)gkl,µT kl
√−g − (Sµj
√−g),j} (6.11)
so that, in view of (6.3), (6.4),
Fi =
∫ t
t0
dt′{(1/2)gkl,iT kl
√−g − (Tij
√−g),j} (6.12)
F0 =
∫ t
t0
dt′{(1/2)gkl,0T kl
√−g − (gjiS0i
√−g),j}
=
∫ t
t0
dt′{(1/2)gkl,0T kl
√−g − (gji[Fi + fi]),j}
(6.13)
As to initial conditions, we have
Fµ(t0) = 0 (6.14)
so that
fµ = fµ(~x) =
1
8πκ
[
√−g(G0µ − Λg0µ)](t0, ~x) (6.15)
In view of (6.3), the dynamics of P0µ reduces to that of S0µ. The latter is described by
equations (6.10), (6.12), (6.13), and (6.15).
Let us explicitly introduce jumps ∆T0µ into consideration. It follows from (6.6) that
(1/2)gkl,µT
kl
√−g − (Tµj
√−g),j = (Tµ0
√−g),0 − Tµν ;ν
√−g (6.16)
Now we find from (6.12)
Fi =
√−g T0i − [
√−g T0i](t0)−
∑
t0≤tk<t
[
√−g∆T0i](tk)−
∫ t
t0
dt′Ti
ν
;ν
√−g (6.17)
and from (6.13), (6.10), (6.17), and (6.15)
F0 =
√−g T00 − [
√−g T00](t0)−
∑
t0≤tk<t
[
√−g∆T00](tk)−
∫ t
t0
dt′T0
ν
;ν
√−g
−
∫ t
t0
dt′
(
gji
{[√−g( 1
8πκ
G0i − T0i
)]
(t0)−
∑
t0≤tk<t
[
√−g∆T0i](tk)−
∫ t′
t0
dt′′Ti
ν
;ν
√−g
})
,j
(6.18)
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Thus we obtain from (6.3), (6.10), (6.17), (6.18), and (6.15)
P0µ =
1
8πκ
√−g [
√−g (G0µ − Λg0µ − 8πκT0µ)](t0)
− 1√−g
{∫ t
t0
dt′
√−g Tµν ;ν +
∑
t0≤tk<t
[
√−g∆T0µ](tk)
}
− g0µ
8πκ
√−g
∫ t
t0
dt′{gji[√−g (G0i − 8πκT0i)](t0)},j
+
g0µ√−g
∫ t
t0
dt′
{
gji
(∫ t′
t0
dt′′
√−g Tiν ;ν +
∑
t0≤tk<t
[
√−g∆T0i](tk)
)}
,j
(6.19)
This explicitly describes pseudomatter dynamics.
Note that the components Pij cannot be introduced, for there are only four pseudomatter
dynamics equations (6.5) and they determine the components P0µ.
7 The indeterministic Einstein equation
We have obtained the indeterministic Einstein equation
G− Λg = 8πκS (7.1)
In canonical synchronous reference frame it reads:
Gij − Λgij = 8πκTij (7.2)
and (2.1) with P0µ (6.19), i.e.,
G0µ − Λg0µ − 8πκT0µ
+
8πκ√−g
{∫ t
t0
dt′
√−g Tµν ;ν +
∑
t0≤tk<t
[
√−g∆T0µ](tk)
}
+
g0µ√−g
∫ t
t0
dt′{gji[√−g(G0i − 8πκT0i)](t0)},j
−8πκg0µ√−g
∫ t
t0
dt′
{
gji
(∫ t′
t0
dt′′
√−g Tiν ;ν +
∑
t0≤tk<t
[
√−g∆T0i](tk)
)}
,j
=
1√−g [
√−g (G0µ − Λg0µ − 8πκT0µ)](t0)
(7.3)
Six equations (7.2) are dynamical ones whereas four equations (7.3) play the role of integrals
of motion.
A complete system of dynamical equations should include an equation for the state vector
Ψ.
Initial conditions at t = t0 are given by
gij(t0, ~x), g˙ij(t0, ~x), Ψt0 (7.4)
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The classical Einstein equations (1.11) are obtained by putting
∆T0µ = 0, Tµ
ν
;ν = 0, [G0µ − Λg0µ − 8πκT0µ](t0) = 0 (7.5)
in (7.3). In order that the complete system (1.10), (1.11) be fulfilled in all reference frames,
the condition
∆Tij = 0 (7.6)
must hold as well.
8 Pseudomatter as an absolutely dark “matter”
There exists the well known problem of dark matter [6,7,8]. There is no interaction between
pseudomatter and matter, except that they interact through gravity. Thus pseudomatter man-
ifests itself only in gravitational effects and may therefore be regarded as an absolutely dark
“matter”.
9 Pseudomatter in the Robertson-Walker spacetime
Let us consider P0µ (6.19) in the case of the Robertson-Walker spacetime. In this case
G0i = 0, T0i = 0 (9.1)
so that (7.3) for µ = i results in
Ti
ν
;ν = 0 (9.2)
Thus
P0i = 0 (9.3)
P00 =
1
8πκ
√−g [
√−g(G00 − Λ− 8πκT00)](t0)
− 1√−g
{∫ t
t0
dt′
√−g T0ν ;ν +
∑
t0≤tk<t
[
√−g∆T00](tk)
}
(9.4)
Next we assume that matter energy E is continuous:
∆E(tk) = 0 (9.5)
then
∆T00(tk) = 0 (9.6)
In view of (9.2) we put
T0
ν
;ν = 0 (9.7)
so that
Tµ
ν
;ν = 0 (9.8)
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Now (9.4) reduces to
P00 =
1
8πκ
√−g(t0)√−g [G00 − Λ− 8πκT00](t0) (9.9)
We have √−g(t0)√−g = R
3(t0)
R3(t)
(9.10)
where R is the radius of the universe.
Thus the pseudomatter density
ρps = ρps(t) = P00 =
[R3(G00 − λ− 8πκρm)](t0)
8πκ
1
R3(t)
∝ 1
R3(t)
(9.11)
where
ρm = T00 (9.12)
is the matter density. The source density is
ρs = ρm + ρps (9.13)
in accordance with which, the parameter Ω = ρ/ρcr is equal to
Ωs = Ωm + Ωps (9.14)
These results match those of [9].
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